Objective. The aim of this study is to evaluate the clinical manifestation and prognostic factors of antimelanoma differentiation-associated gene 5 (MDA5) antibody-associated interstitial lung disease (ILD) with DM.
Introduction
DM is characterized by inflammation of the skin and muscle [1] . DM is occasionally complicated with interstitial lung disease (ILD), which is classified into two subsets, acute/subacute interstitial pneumonia (A/SIP) and chronic interstitial pneumonia (CIP) [2] [3] [4] [5] [6] . A/SIP is of prime importance in the clinical management of patients with DM because it is an intractable and life-threatening complication [4, [6] [7] [8] . Clinically amyopathic DM (C-ADM) includes typical skin lesions with amyopathy or hypomyopathy [9] and was recently reported to be complicated by A/SIP, especially in those patients with anti-C-ADM-140 antibody [10] . C-ADM with A/SIP showed a rapid progressive pattern with a 6-month survival rate of 40.8-45% [11, 12] . Recently, the anti-C-ADM-140 antibodies in patients' sera specifically reacted with melanoma differentiation-associated gene 5 (MDA5) protein, which plays a role in the innate immune system, thus confirming MDA5 as the C-ADM-140 autoantigen [13] . We reported that serum ferritin predicts the development and severity of ILD with DM [14] . Additionally, we have observed several patients in whom the serum ferritin level was high and correlated with disease activity in A/SIP with DM.
Taken together, the characteristic manifestation and prognostic factors should be analysed and understood for the appropriate management in anti-MDA5-associated ILD with DM because the fatal outcome is of a relatively high frequency. In the present study, we compared ILD with anti-MDA5 antibody with ILD with anti-aminoacyltRNA synthetase (ARS) antibody and evaluated the clinical manifestation and prognostic factors in anti-MDA5 antibody-associated ILD with DM.
Materials and methods

Patients and controls
This retrospective study included patients admitted to our hospital from August 1992 to August 2009. All of the enrolled patients suffered from skin rash, myopathy or respiratory symptoms (or a combination thereof) on admission. These patients were diagnosed as having DM or C-ADM based on the criteria of Bohan and Peter [15] or Sontheimer [16] , respectively. In general, C-ADM presents with typical skin lesions and amyopathy or hypomyopathy for >6 months. A subset of the C-ADM group included patients who developed fatal ILD within the first 6 months of the present study. Clinical data were obtained from medical records on admission. The study was approved by the ethical committee in our institution (Institute of Rheumatology, Tokyo Women's Medical University), and informed consent was obtained from all patients. Blood tests included evaluation of liver enzymes [alanine aminotransferase (ALT), aspartate aminotranferase (AST) and g-glutamyl transpeptidase (g-GTP)], creatine kinase (CK), lactate dehydrogenase (LD), CRPferritin, KL-6 and ANA. Anti-SS-A, anti-SS-B and anti-U1 RNP antibodies were measured using double ID method. ACA was measured using ELISA. Anti-ARS antibodies, including Jo-1, EJ, PL-7, PL-12 and OJ, were measured by immunoprecipitation (IP) assays [17] . Additionally, anti-MDA5 antibody was detected by an IP assay and an ELISA using recombinant MDA5 antigen as described previously [13] .
Evaluation of pulmonary function and classification of ILD
The vital capacity percentage (%VC), PaO 2 /F i O 2 (P/F ratio) and alveolar-arterial oxygen difference (A-aDO 2 ) were evaluated. ILD was assessed by chest radiography and CT or high-resolution CT of the chest. A/SIP is defined as a rapidly progressive ILD within 3 months of the onset of symptoms. CIP is defined as an asymptomatic, nonrapidly progressive ILD or slowly progressive ILD over 3 months by the International Consensus Statement of Idiopathic Pulmonary Fibrosis of the American Thoracic Society and the European Respiratory Society [18] .
Statistical analysis
Statistical analysis was performed by using the Fisher's exact test for the comparison of frequencies, the t-test for the comparisons of mean values and the Mann-Whitney U-test for the comparisons of median values. Correlation coefficients were established by employing Spearman's correlation coefficients. Age-and sex-adjusted Cox regression analysis was performed to establish the prognostic factor. The cumulative survival rate was calculated using the Kaplan-Meier test. The log-rank test was also used to compare the survival rates. The data were analysed using JMP software (SAS Institute, NC, USA). P < 0.05 indicated statistical significance.
Results
Clinical manifestations in patients with anti-MDA5 antibody compared with those in patients with anti-ARS antibody in DM/C-ADM.
Fifty and 15 patients were diagnosed as having DM and C-ADM, respectively. Forty-six of these patients were complicated with ILD. Anti-MDA5 antibody or anti-ARS antibody was detected in 24 patients with ILD. Additionally, anti-SSA antibody, anti-U1 RNP antibody and ACA were detected in five, one and one patients, respectively. As shown in Table 1 , 14 patients with anti-MDA5 antibody and 10 patients with anti-ARS antibody were enrolled into this study. Clinical manifestations in the patients with anti-MDA5 antibody were compared with those in the patients with anti-ARS antibody. Table 1 shows the results of the first examinations on admission. The following describes the results in the patients with anti-MDA5 antibody compared with those in patients with anti-ARS antibody. The age at onset was 43.6 (14.6) years [mean (S.D.)], with no significant difference between each subset. The frequency of C-ADM was 57%, which is significantly higher (P = 0.033). The median value of CK was significantly lower (P = 0.01). The frequency of A/SIP was 71%, which is significantly higher (P = 0.036). The value of KL-6 and pulmonary function showed no significant differences. g-GTP concentrations were significantly higher (P = 0.0089). Although the value of CRP was not significantly different, as shown in Fig. 1 , serum ferritin was significantly higher (P = 0.016). The frequency of the fatal outcome was 36%, which is significantly higher (P = 0.047).
Clinical manifestations in patients with anti-MDA5 antibody compared with those in patients without anti-MDA5 antibody in C-ADM Anti-MDA5 antibody was positive in 8 (53.3%) of 15 patients with C-ADM. In seven C-ADM patients without anti-MDA5 antibody, three patients had anti-Jo-1 antibody, anti-SSA antibody or ACA, respectively. The complication of A/SIP was revealed in six (75%) of eight C-ADM patients with anti-MDA5 antibody. On the other hand, the complication of CIP was revealed in five (71%) of seven C-ADM patients without anti-MDA5 antibody. Taken together, A/SIP was complicated more frequently in C-ADM patients with anti-MDA5 antibody than in those without anti-MDA5 antibody.
Correlation coefficients between parameters in patients with anti-MDA5 antibody As shown in Table 2 , the correlation coefficients between parameters were established in patients with anti-MDA5 antibody. The parameters included pulmonary function markers (%VC, P/F ratio and A-aDO 2 ) and laboratory markers (KL-6, CRP and ferritin). Although the correlations between pulmonary function markers and CRP were not definitive, significant correlations were found between P/F ratio and ferritin (r s = À0.59, P = 0.035), A-aDO 2 and KL-6 (r s = 0.73, P = 0.016), and A-aDO 2 and ferritin (r s = 0.66, P = 0.013) in patients with anti-MDA5 antibody.
Comparison of clinical manifestations between surviving and non-surviving patients who had ILD with anti-MDA5 antibody As shown in Table 3 , clinical manifestations were compared between the surviving and non-surviving patients who had ILD with anti-MDA5 antibody. The following indicate the significant results for the non-surviving patients with anti-MDA5 antibody: age at onset (P = 0.045), A-aDO 2 (P = 0.045), AST (P = 0.027), g-GTP (P = 0.028) and ferritin (P = 0.016). Combination therapy including prednisolone (PSL) and immunosuppressive agents (IAs), such as cyclophosphamide and calcineurine inhibitor, were administered to eight surviving patients and four nonsurviving patients, respectively. The content of therapy did not significantly differ between each subset.
Prognostic factor in ILD with anti-MDA5 antibody
As shown in Table 4 , age-and sex-adjusted Cox regression analysis was performed to identify a prognostic factor for ILD with anti-MDA5 antibody. The results indicate that the most significant prognostic factor was serum ferritin (hazard ratio per unit 1.005; 95% CI 1.004, 1.014; P = 0.027).
Survival rates of patients with anti-MDA5 antibody and those with anti-ARS antibody
The cumulative 60-month survival rates were 62.9 and 100% for ILD with anti-MDA5 antibody and ILD with anti-ARS antibody, respectively ( Fig. 2A) . The cumulative 60-month survival rates were significantly different between each subset (log-rank test, P = 0.042). The present study found that the serum ferritin level was the most significant prognostic factor. The cut-off value for a high serum ferritin concentration according to the 2004 diagnostic guidelines for haemophagocytic lymphohistiocytosis (HLH) is 5500 ng/ml [15] . The two subsets of ILD with anti-MDA5 antibody were classified according to whether the cases had a serum ferritin concentration of 500 ng/ml. The cumulative 60-month survival rates were 37.5 and 100% in the subsets with ferritin levels of 5500 and <500 ng/ml, respectively (Fig. 2B) . The cumulative 60-month survival rate was significantly lower (P = 0.027) in the subset with 5500 ng/ml ferritin than that in the subset with <500 ng/ml ferritin. To define the optimal cut-off point with the highest diagnostic accuracy, we performed receiver operating characteristic analyses for a mathematical expression of different serum ferritin concentrations. The highest area under the curve was calculated for a baseline serum ferritin concentration of 1600 ng/ml. The two subsets were classified according to whether the cases had a serum ferritin concentration of 1600 ng/ml. The cumulative 60-month survival rate was significantly (P < 0.0001) lower in the subset with 51600 ng/ml ferritin than that with <1600 ng/ml ferritin (Fig. 2C) . Our study has limitations. A part of the patients has not been prospectively observed for 60 months in the present study. The actual survival rate could be different from that estimated using Kaplan-Meier method, although most patients were observed for several years.
Discussion
We have demonstrated the clinical manifestations and a prognostic factor for anti-MDA5 antibody-associated ILD with DM. The clinical manifestations of anti-MDA5 antibody-associated ILD with DM were basically similar to those of C-ADM with A/SIP described previously [6, 10, 11] . These manifestations were characterized by a low value of CK, high frequency of A/SIP and a high rate of mortality. In the present study, the following findings were newly revealed. First, although anti-MDA5 antibody was a specific disease marker for C-ADM with A/SIP, A/SIP with anti-MDA5 antibody could also be complicated with classical DM. Secondly, the levels of liver enzyme g-GTP and ferritin were high in anti-MDA5 antibody-associated ILD with DM. Although elevation of liver enzymes can be attributed to muscle enzymes, it can also be attributed to liver injury, because g-GTP is specific to the liver, and CK was lower in the present study. These aspects indicate that the liver, as well as the lung and skin, is involved in anti-MDA5 antibody-associated ILD with DM. Previous reports have described that the increase in ESR, CRP, fibrinogen and ferritin could be due to acute-phase reactants in patients with PM/DM [19, 20] . In the present study, however, CRP levels were relatively low in anti-MDA5 antibody-associated ILD with DM. Additionally, although ferritin levels were increased, CRP levels were lower in the non-surviving patients than those in the surviving patients. These results are different from those of previous reports. Serum ferritin levels also correlated with pulmonary function in the present study. Taken together, serum ferritin levels can be associated with the pathophysiology rather than just the acute-phase reactant in anti-MDA5 antibody-associated ILD with DM. The present study sought to identify prognostic factors in ILD with anti-MDA5 antibody. The most significant prognostic factor was serum ferritin. The cumulative 60-month survival rate differed significantly between patients with high baseline serum ferritin concentrations (5500 ng/ml) and patients with low baseline ferritin concentrations, which indicates that the baseline serum ferritin concentrations could predict survival. Additionally, using a statistical method, we established a serum ferritin   FIG. 2 The cumulative 60-month survival rates in each group (A), the <500 and 5500 ng/ml serum ferritin subsets of ILD with anti-MDA5 antibody (B), and the <1600 and 51600 ng/ml serum ferritin subsets of ILD with anti-MDA5 antibody (C). The 60-month cumulative survival rates were calculated using the Kaplan-Meier test. The log-rank test was also used to compare survival rates.
www.rheumatology.oxfordjournals.org concentration cut-off value of 1600 ng/ml as the best indicator of survival in our cohort of patients with anti-MDA5 antibody-associated ILD. These results indicate that the serum ferritin concentration predicts the severity and prognosis of anti-MDA5 antibody-associated ILD with DM.
Serum ferritin is an important laboratory finding of HLH [21] . Macrophage activation syndrome (MAS) is now an accepted term used to refer to a form of secondary HLH seen in the context of rheumatic disorders [21, 22] . The pathophysiology of MAS involves the lack of regulation of T lymphocytes and excessive production of cytokines, such as TNF-a, IL-1b , IL-6 and IL-18, resulting in the activation of macrophages [22, 23] . In the present study, patients with anti-MDA5 antibody-associated ILD were not complicated by HLH. Most patients with CIP observed in DM appeared to be well controlled by corticosteroids and IAs [24] [25] [26] . In contrast, patients with A/SIP observed in DM were resistant to a variety of treatments, including corticosteroids, cyclophosphamide and calcineurin inhibitor [6] [7] [8] 11] . This distinction in treatment responses might be responsible for the cellular phenotypes affecting the pathogenesis of ILD. Alveolar macrophages, which are activated by some antigens, microbes and autoimmune stimuli, are induced to produce leucotriene B4 and IL-8. These factors stimulate neutrophils to induce the fibrosis process in the lung [27] . In our study, we found an elevation of g-GTP in anti-MDA5 antibody-associated ILD with DM. The elevation of a liver enzyme and hyperferritinaemia suggest that T lymphocytes and macrophages, such as Kupffer cells and alveolar macrophages, are intensively activated and cause injury to the skin, lung and liver in DM with anti-MDA5 antibody, although we did not obtain direct evidence of macrophage activation. Whether alveolar macrophages are activated should be investigated using bronchoalveolar lavage or lung biopsy in anti-MDA5 antibody-associated ILD with DM.
On the other hand, the elevation of serum ferritin levels correlates with the general disease activity of SLE [28] [29] [30] . Although it was not revealed whether the elevated ferritin levels correlated with the activity of other clinical features such as dermatitis and myositis in the present study, serum ferritin may be a marker of general disease activity rather than a specific marker for ILD with anti-MDA5 antibody. Additionally, patients who have A/SIP with DM experienced a shorter disease duration than the other patients at the time at which ferritin was investigated. The intensity of inflammation may correlate with the serum ferritin concentration.
C-ADM with A/SIP showed a rapidly progressive pattern with a 6-month survival rate of 40.8-45% [11, 12] . Although the clinical manifestations of C-ADM may be a useful indicator for the occurrence of A/SIP retrospectively, ILD with C-ADM does not always develop as a feature of A/SIP. Additionally, the two different subsets of ILD with C-ADM may be A/SIP and CIP [31] . Fathi et al. [32] reported that patients with myositis with ILD require careful evaluation of clinical features as well as pulmonary function tests and radiological features during follow-up, because the course of ILD could not be predicted at the first examination. Recently, anti-MDA5 antibody was detected [13] , as well as a specific disease marker for C-ADM with A/SIP. Investigation of the anti-MDA5 antibody is useful for predicting the onset of A/SIP and enables earlier and more appropriate treatment before the disease progresses. However, the present study revealed that the frequency of CIP was 29% in anti-MDA5 antibody-associated ILD. We consider that investigations of both serum ferritin and anti-MDA5 antibody are the most useful predictors of the onset of A/SIP. Additionally, we have experienced several patients in whom the serum ferritin level was high and correlated with the disease activity in A/SIP with DM (manuscript under preparation). Thus, the intensity of immunosuppressive treatment can be decided according to serum ferritin levels as serum ferritin may also be a useful biomarker of disease activity.
In conclusion, both the serum ferritin concentration and the anti-MDA5 antibody are powerful indicators for the early diagnosis of A/SIP with DM. Serum ferritin also predicts the disease severity and prognosis for A/SIP with anti-MDA5 antibody. Intensive treatment with a combination of various IAs should be implemented as soon as possible for DM patients with ILD showing hyperferritinaemia, especially for ferritin levels >1600 ng/ml.
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